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INTRODUCTION 1
The Comments referred to in this document are those

signed by Marvin Clumpus, P. E., Project Coordinator for
Manvil le Service Corporat ion, and by John A. Zackr i son , Esq . ,
o f Kirkland and Ellis, Wash ington , D . C . , dated February 24,
1 9 8 7 , and titled as shown above. Statements made in those
Comments which question the potential hazard of off-s i te
migrat ion of asbestos or other substances at the Waukegan ,
Illinois disposal s ite are addressed by EPA in a separate
report .

The document herein has been prepared by Richard W.
McGaw , P. E. , Civi l Engineer ing Consu l tant to EPA, who i s
respons ib le for the recommendat ion of soil cover th i ckness at
the Johns-Manv i l i e waste d i sposa l s i te at Wauk e g a n , I l l inois.



It specifically addresses those portions of the Comments that
refer to technical questions of frost penetration and the
upfreezing of asbestos material through the soil cover. The
format is such that statements appearing in the Comments which
are critical of EPA ' s technical approach are given verbatim in
the order in which they occur; the EPA response follows the
s tatements .

GENERAL CRITICISMS
Relative to the problem of assuring that future asbestos

contamination does not occur owing to the upward movement of
asbestos under the action of freezing and thawing, beginning
on p. 4 of the Comments several claims are made relative to
EPA' s technical approach. These are essentially assert ions
which remain unsubstantiated at this point in the Comments .
Nevertheless, EPA has considered each claim carefully.

The claims are listed below exactly as they are stated;
the EPA response follows.

a) " EPA ' s Addendum and supporting documentation is
inaccurate, incons istent , misleading and unrel iable";

b) "The Addendum' s upfreez ing analysis is unreliable and
unsc ient i f i c " ;

c) "It uses or rel ies upon sh i f t ing and incons istent thermal
parameters" ;

d) "It makes sh if t ing and undocumented assumpt ions of
quest ionable re l iabi l i ty";

e ) " I t make s many undocumented factua l c la ims" ( i . e . , c la ims



of f a c t ) ;
f) "Its analysis of freezing depth omits the impact of frost

heave" ;
g) "It fails explicitly to account for known variabil ity in

the parameters, and uncertainty concerning field
condit ions" ;

h) "Its use of the Modif ied Berggren equat ion, the
fundamental analytical tool in the analysis, is irregular
and marred by improper use of parameters ( thermal
conductivity values, latent heat values, and failure to
correlate assumptions regarding parameter s ) " ;

i) "In short, EPA' s Addendum on its face lacks scientif ic or
technical credibil ity, validity, and reliability as a
basis for a 24- inch cover recommendat ion" .

EPA RESPONSE TO GENERAL CRITICISMS
The supporting documentat ion referred to in these cla ims

is the Appendix to the EPA Addendum, entit led "Princ ip les and
Pract ice of Design of Soil Cover for Waste Asbestos in
Northern Areas , with Calculation of Min imum Cover in Open
Areas of the Johns-Manvi l le Asbestos Disposal Site in
Waukegan , I l l inois", dated January 1 9 8 7 . This Appendix was
prepared by the wr i ter and describes a state-of-the-art
procedure for e s t imat i ng frost penetrat ion in var ious types of
soil and freez ing c l imates ; it is based on 30 years of
personal research as a member of the U . S . Army Cold Regions
Resea r ch and Eng ineer i ng Laboratory in Hanover , New Hampsh i r e
(a Corps of Eng inee r s l abo ra to ry ) . The w r i t e r ' s spec i a l t i e s



in this work from 1956 to 1986 were soil mechanics, thermal
properties of soils, and frost heaving; he performed both
theoretical and exper imental studies in these subjects and
authored some 30 technical reports and papers. A bibliography
is available.

The EPA procedure used by the writer to est imate frost
penetration, and to control the upfreezing of asbestos
particles by limiting the number of freezing penetrations into
the waste deposit, is standard engineering practice in cold
regions design. Rather than being unreliable and
unsc ient if ic , as is claimed above, it is in fact an
application of the "l imited subgrade frost protect ion" design
procedure developed and used by the Corps of Engineers since
about 1946 . It results in an expedient and more economical
cover- thickness than would the more conservative "full
subgrade protect ion" procedure which does not allow frost
penetration to extend below the covering layers of soil.

Because governing regulations require a permanent cover
over the waste asbestos , it is within EPA ' s authority to
require full subgrade protection corresponding to a cover
th ickness suff ic ient to mainta in the waste depos it below the
maximum depth of frost penetration indefinitely. Clearly,
this type of des ign would provide the greatest degree of
protect ion from future a irborne asbes tos .

On a small s i t e , full subgrade protect ion such as this
may be j u s t i f i e d . On s i te s w i t h large areas to be covered ,



however, such as the Waukegan s i te , cost is a factor which is
to be weighed against the degree of protect ion provided. The
basic difference between the cover thickness proposed by EPA
and that proposed by Johns-Manvi l le ( J -M) is the degree of
risk considered acceptable in deal ing with asbestos , a
substance known to be hazardous to health: EPA chooses to
rely on proven practice that l imits the number of frost
penetrations into the asbestos (each of which lessens the
effect ive degree of protection because it increases the
potential for asbestos to return to the sur face ) ; J-M chooses
not to limit the number of frost penetrations but to rely
instead on an inventive but unproven procedure for est imat ing
the rate of upfreez ing of waste partic les.

It is the J-M procedure that, in light of the
consequences of being in error, is unsc ient if ic and
unrel iable. Whereas the EPA procedure is validated by several
decades of exper ience and field measurements , and does not
seek to extrapolate beyond known parameters , the J-M procedure
is speculat ive, hypothetical , and lacks substant iat ing data .

In further response, the reference to "shift ing thermal
parameter s " presumably re lates to the allowable number of
frost penetrat ions into the asbestos deposit being 10 per
century when the covering layers are non-frost-suscept ib le
( s and s and clean grave l s ) and be ing only 5 per century when
the cover is fros t- suscept ib l e ( s i l t s and c l a y s ) , as proposed
by J-M. The rat iona le here is s imply that the r i sk of



particles reaching the surface quickly is high wi th a frost-
susceptible soil, requiring a balancing of that risk by
further l imiting the number of times the asbestos becomes
frozen.

EPA cannot respond to the charges of "undocumented
assumptions of questionable reliability" and "undocumented
factual claims" because no information is given to identify
the apparent problem areas.

It is claimed that EPA ' s analysis of freezing depth
"omits the impact of frost heave . " This claim is incorrect
because the Modif ied Berggren equation used by EPA (as well as
by J-M) makes provision for the thermal properties of the
frozen soil, which include the influence of frost heave on
soil density, water content, thermal conductivity, and latent
heat of the freezing soil.

The Berggren equation is theoretically correct only for a
step-change of temperature at the surface ( i . e . , a rapid
change of temperature which is then held constant for the
remainder of the win ter ) ; consequently a lambda coeff i c ient
was added to the equation some years ago which modif ies the
results produced so that they are descr ipt ive of field
exper ience under typical c l imat ic temperatures . This
coef f i c i en t , together w i t h an appropr ia te n-value,
tradit ional ly embodies al l of the correct ion for c l imate
required to fit the calcu lated resu l t s for frost pene t ra t ion
to true values measured in the field for var ious k inds of



surface condit ions .

J-M' s procedure using this equation appears to calculate
penetration values that are consistent ly less by approximately
0.5 ft . than those calculated by EPA using the same thermal
parameters. J-M's consultant (C. Vita ) has recently indicated
that his calculated values are actually the same as the EPA
values but that the est imated amount of heave has then been
subtracted. Presumably, this heave value is the "impact of
frost heave" referred to in the claim cited above.

To subtract the heave, however, is incorrect. EPA was
informed by researchers at the U . S . Army Cold Regions Research
and Engineer ing Laboratory, who have used this equation for
several decades, that the frost penetration calculated by the
equation is "the thawed value" (W. Qu i n n ) ; and further , "the
equation is not suffic ient ly precise to ad just the results for
the est imated heave; the lambda coeff i c ient takes the heave
into account . "

The additional claim that EPA' s use of this equation is
" irregular and marred by improper use of parameter s " is
non-spec if ic relat ive to the impropriety, and as such cannot
be responded to other than to state that known propert ies of
frozen soi ls s imi lar to the soils proposed by J-M were
ut i l ized in all calcu lat ions made by EPA.

Final ly , it is c la imed that the EPA procedure does not
expl i c i t ly "account for known var iab i l i ty in the parame t e r s ,



and uncertainty concerning field condit ions." This is
partially true, although the writer has previously made this
accounting using Rosenblueth 1s method of maximums and
min imums. Based on this analysis, the writer has stated
several times during the course of the several meet ings held
by EPA to discuss these matters that the approximate combined
error in penetration depth is about + 12% , or approximately
+ 3 . 0 in. Because any known error should be on the
conservat ive ( s a f e ) side the negative error is usually not
considered. Consequently, the required 24 inches of cover
should be considered an expedient value, in that the true
penetration depth using the same parameters could be as high
as 27 inches.

SPECIFIC CRITICISMS
On pages 5 to 9, the Comment makes a series of specific

claims against the EPA analysis . These claims are listed
separately below for reference . The EPA response follows each
claim.

a) J-M Claim; " EPA ' s analysis of alternative cover designs
begins with a new reliability measure not previously
considered in the FS or other mater ia l s . This is the
potent ia l number of t imes asbestos mater ia l might enter
the cover in 100 years. Accord ing to the Addendum and
support document , a cover should be des igned to ensure
that asbe s to s mater i a l s do not enter the cover ing layer
more than 10 t imes per century ( i . e . , the frost l ine must



not enter the waste deposit (w i t h ) more than that
frequency) . This criterion is completely arbitrary and
almost mean ing less ; the Addendum provides no bas is for the
cr i ter ion ."

EPA Response ; The full statement repeated above makes it
clear that there was actually no confus ion on J-M' s part ,
that in fact they understood the "new" cr i ter ion as
another way of stat ing the standard requirement of no more
than 10 frostl ine penetrat ions of the waste depos it in 100
years. The essential point is that once asbestos enters
the cover layer it will eventually reach the surface
because of frost act ion ; the time it takes the asbestos to
move through the cover varies with the kind of soil used
for the cover. It will be a very long time for a
non-heaving soil such as sandy gravel , but it may be a
very short time for a frost-suscept ib le soil such as the
clayey silt being proposed by J-M for the cover ing soil .
As noted later, a penetration frequency of 10 times per
century is considered insuffic iently conservat ive in
con junct ion wi th a full-depth highly frost-suscept ib le
soil cover.

b) J-M Cla im ; "As long as mater ia l s remain covered there
could be no public health consequences from movement into
the cover. It is only the frequency or likelihood that
mater ia l s might come to the surface w i th i n 100 years wh i ch
is or can be impo r t a n t . "
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EPA Response: J-M' s claim is correct so long as materials
moving into the cover either cease to move further or slow
to a yearly pace that maintains them with in the cover for
several hundred years. Unfortunately, a frost-susceptible
soil such as the clayey silt proposed by J-M causes
particles to move entirely through the protective cover
apparently much faster than this , which eventually
el iminates the protect ion. The likelihood that materials
will come to the surface is indeed the major problem. But
the full requirement is not that they remain covered for
100 years only, as J-M asserts several times (because
failure of the cover has already occurred once this has
taken place) . On the contrary, the requirement is one of
near-permanency: i . e . , at the very least, the first
asbestos particle should not reach the surface for several
hundreds of years, if at all.

c) J-M Cla im; "While it states that frost penetrat ion into
waste deposits 10 times per century is the appropriate
goal, when it comes to analyzing the cover design in the
FS, the document (McGaw ' s Appendix to the Addendum) sh ifts
to a criterion of only 5 (or no) frost penetrations per
cen tury . "

EPA Response ; This is true, but J-M failed to notice that
10 t imes per century was predicated on using a non-frost-
suscept ib le soil ( sandy grave l ) for the cover ing mater i a l .
J -M ' s proposal to use a fros t-suscept ib l e silt for the
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cover (to reduce cost) decreases the safety of the des ign ,
as noted above; consequently, a more conservat ive
penetration interval (5 times per century) must be applied
in order to offset the lowered reliability of the cover.
The required increase of required cover thickness is
calculated from the square root of the ratio of freezing
indices for the two frequencies , -/I5 0 0/]-3 0 0 = \/"l . 154 =
1 . 0 7 5 . That i s , an increase of 7 . 5 % in required thickness
results from the appl ication of the more conservat ive
cr iter ion, namely 1 .3 in . for an 18- i n . total cover; 1 .7
in. for a 24- i n . total cover. These additional
thicknesses would not be needed if J-M were proposing to
use the standard covering material (sandy grave l ) .

d) J-M Claim; "Only when the cover design is changed to
include a sand layer does the support document sh ift back
to relying on 10 frost penetrat ions per century as the
ob j e c t ive . "

EPA Response; This is true; the reason is that the
non-frost-suscept ib le soil ( s and ) immediately ad jacent to
the asbestos provides a partial barr ier to the movement of
asbes tos into the silty cover soi l , a l lowing the cr i ter ion
based on numbers of frost penetrat ions to be relaxed back
to the standard value of 10.

e) J-M Cla im ; "Had EPA bothered to do the analys i s (or even
consu l t Manv i l l e ' s updated ca l c u l a t i o n s ) , i t would have
d i s covered tha t the 18- i n c h cover des ign i s e s t ima t e d to
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permit excess ive penetrations less than ten times per
century, based on the thermal properties used by McGaw in
his analys is ."

EPA Response: This claim appears to refer to the letter
of Feb. 23, 1987 , from C. Vita attached to the Comment;
EPA had never seen this particular analysis prior to the
Comment and could not have consulted it. However, in
recent verbal discussion J-M has noted that it is a letter
of Dec. 19, 1986 , from C. Vita that is being referred to;
EPA was never furnished a copy of this letter, either.
Therefore, conclusions based on unknown calculations could
not be considered by EPA.

Furthermore, EPA had performed its own analysis and
found that the 18-inch cover design allowed considerably
more penetrations per century than ten ; the reason for the
discrepancy in the two calculations is apparently the
result of J -M ' s subtract ing the est imated surface heave,
as previously discussed.

f) J-M Claim; "A criterion with at least plausible
substant ive mer i t is the expected frequency of upfreezing
to the surface over the long term, typically a 50- or
100-year des ign per iod . "

EPA Response ; Such a cr i ter ion would indeed be plausible
if the " long-term" des ign period assumed by J-M were not
too short . EPA has never quoted a 50-yea r per iod , and
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even the 100-year period is misunderstood by J-M in this
Comment ; 100 years was selected by EPA as the basis for
the frequency of frost penetrat ions , not the allowable
period for asbestos to move through the cover! This
latter period must be considerably longer than 100 years
if the Legis lat ive mandate of "permanent" protection is to
be adhered to.

g) J-M Claim: "The thermal properties used by McGaw in the
Addendum and those in the FS are d i f f e r en t . "

EPA Response; This is true. However, EPA ' s thermal
parameters of Dec . 5, 1 9 8 6 , were furnished to J-M prior to
their submittal of the revised FS. J-M did not
incorporate them into the FS even though J-M had
apparently received new calculations from C. Vita dated
Dec . 18, 1 9 8 6 , which uti l ized these parameters .

h) J-M Cla im; "Us ing updated parameters , the 18- i n ch
proposal can be seen to be extraordinari ly protect ive .
Asbestos mater ia ls would not be expected to reach the
surface for almost 700 y e a r s . . . The absolute lower bound
est imate of breakthrough time for EPA ' s 24- i n c h proposal
(w i t h a s ix- inch sand layer) i s 239 years , whi le that of
the 18- i n c h proposal (w i t h s ix inches of sand ) i s 222
y ea r s . "

EPA Respon s e ; The years for upf r e ez i ng of asbes tos
referred to in the above c la im are d i f f e r en t from those
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presented in the FS (greater by approximately 150 year s ) ,
and apparently result from calculations which were not
available to EPA at the time the Addendum to the FS was
prepared. EPA has recently received these calculations
from C. Vita and finds them to be based on assumpt ions of
upfreezing rate that have not been validated by experiment
or field experience. (Further response follows the next
claim below.

i ) J-M Claim; "Both designs (the 24-inch and the 18- inch )
are predicted to assure virtually total reliability for a
100- and even a 200-year design horizon. Spending more
money for a 24-inch cover cannot be just if ied on any
principled basis using EPA ' s analysis. Accordingly, EPA
should withdraw its flawed analysis and its 24- i n c h
proposal ."

EPA Response; J-M is in error when it claims total
reliability based only upon calculations result ing from a
theory of upfreezing rate which has not been proven. The
theoretical model devised by C. Vita is no more than a
first approximat ion of the physical processes that
actually take place when a particle of asbestos is
imbedded in a freez ing soi l . The model and its results
have not been publ ished in the open l i terature and
evaluated by others aga inst the s tate-of-the-art . Unt i l
this has occurred, and val idat ing exper imen t s or field
measu r emen t s made , data resu l t ing from use of the model
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must be accepted as guideline only; a calculated degree of
"rel iabil ity" is not the same as assurance that field
results will be the same as those predicted by the model .

NOTE; EPA is charged with protection of the public health
from the medical hazards of waste asbestos . EPA ' s analysis,
and the requirement of 24 inches of soil cover based on this
analysis, admittedly do not represent complete assurance that
no future medical hazard will develop because of frost act ion.
When so many unknowns are present because of assumptions made
relative to cl imate, properties of soils, and mechanisms of
frost heaving and particle migrat ion, there is no way to
assure complete and permanent protect ion. On the other hand,
EPA ' s analysis relies on fewer assumptions and is a
conservat ive appl ication of an accepted and validated
procedure for calculating frost penetrat ion through soils. It
is also an expedient approach which accepts a degree of risk
balanced against the total cost , as is required by the
governing regulations. J-M's own analysis shows that the EPA
24- i n c h cover thickness provides longer-term protect ion but
costs only 10% more than the 18- inch cover proposed by J-M.
For these reasons EPA cannot withdraw the 24- inch requirement.

j ) J-M Cla im; " EPA exaggerates potential impacts of the s ite
by implying the waste-asbes tos conta in ing mater ia l that is
current ly encapsu lated wil l soon break down and become
friable due to the act ion of ground water , ra in, sunl ight,
a i r , and w i nd . EPA provides no bas i s for this as ser t ion
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nor any scientific explanation of how it will occur . . .
The asbestos-contain ing products manufactured at the site
were explicitly designed to be used outdoors and to
withstand exposures to weather . . . Chunks or particles
reaching the surface will not become friable in any
meaningful t ime frame . "

EPA Response; J-M' s assert ions here are incorrect. The
primary bonding agents used at the site are sil icates and
gypsum (cement ) and asphalt. It is well-known that
sunlight and moisture, and particularly freezing moisture ,
deteriorate these materials. The silicate agents are also
highly alkaline and susceptible to chemical attack by acid
rain and ground water . The products manufactured at the
s ite were of course designed to be weather-res i s tant ;
nevertheless, they are not weather-proof, and
deterioration to a friable condition may indeed eventually
occur. As for a "meaningful" time frame, the writer has
observed cement-bonded asbestos board lying on the surface
at other s ites in such a rotted condit ion that any
disturbance would cause the apparent structure to vanish;
yet these scraps had been exposed on the surface for no
more than 2 to 5 years . It is also quite possible that a
s ign i f i cant degree of this structural breakdown had
occurred during the upfreez ing period, even before
exposure to air and sunl ight .
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CONCLUSION
In the Introduction to the Comments discussed above, J-M

states that they strongly disagree with the conclusion of
EPA' s Addendum to the Final Feasibility Study, i . e . , to
continue to recommend a 24- i n c h cover over the asbestos
material at the Waukegan plant site. The reasons given are
that EPA ' s decis ion rule for cover thickness is without bas is ,
and its supporting analysis is both flawed and inconsistent.

J-M clearly believes that an 18-inch cover appropriately
maintained is fully adequate to address conditions at the
s i te , and that EPA' s 24- in ch requirement should be withdrawn.
They base this belief on the results of a computer model of
upfreezing rate which appears to demonstrate that even with an
18-inch cover thickness of frost-susceptible soil, asbestos
could not reach the surface for almost 700 years.

The approach J-M' s consultant (C. Vita ) has developed for
est imat ing the time it will take for asbestos to reach the
surface is a good one, and if validation demonstrates that it
produces correct results for various types of soils and
cl imates, it may become part of the basis for future asbestos
cover des igns . Unfortunate ly for the present pro ject , it
represents an unproven procedure that shows some deviation
from the standard EPA requ i rement s , but this dev iat ion cannot
be relied on at the present stage of development. The reason
i s that we are deal ing w i t h an issue of publ ic hea l th , wh i ch
requires a conservat ive so lut ion .
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Because the J-M procedure has no precedent, it is
possible that the computer results could have shown that a
30-in ch or greater cover was needed for mainta in ing the
asbestos below the surface for the first 100 years. In that
case, it is probable that the EPA results would have been
acceptable to J-M because the cost would have been less.

And that is the ultimate argument; because the EPA
procedure, however overdesigned it may be (if at all), is a
state-of-the-art process it gives a greater final assurance
against failure of the cover. It is believed that the
responses given above to J-M' s claims demonstrate that fact.
For this basic reason the 24- in ch cover thickness for the
Waukegan site must be held to by EPA.

Richard W. McGaw, P .E
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